This is the third and final presentation of articles on information processing theory and learning disabilities. Two diverse ar-

Specialization of the Cerebral Hemispheres:
Implications for Learning
Merrill Hiscock and Marcel Kinsbourne
Cerebral hemisphere specialization and its relation to learning disabilities are examined in the light of concepts and findings from contemporary neuropsychology. Attention is focused upon four constructs-cognitive ability, laterality, functional brain asymmetry, and structural brain asymmetry-and the associations among them. It is emphasized that these constructs represent different levels of analysis and consequently are not readily related to each other. In particular, it is argued that laterality, which is a behavioral phenomenon, does not provide direct information about physiological or anatomical characteristics of the brain. Although the available evidence is inconclusive in many respects, it points to certain conclusions about hemispheric specialization and cognitive development: (1) Differential specialization of the left and right halves of the brain occurs very early in life; (2) anomalous hemispheric specialization in an otherwise normal brain is not associated with cognitive deficit; (3) left-and right-hemisphere cognitive styles are metaphors without neurological substance; and (4) abnormal cognitive development may stem either from damage to the cerebrum or from a combination of cerebral damage and a maladaptive pattern of activation by a subcortical activating system.
N eurological factors occupy a prominent position in contemporary accounts of learning disorders (Chall & Mirsky, 1978; Cruickshank, 1980; Doehring, Trites, Patel, & Fiedorowicz, 1981; Gaddes, 1985; Kinsbourne & Caplan, 1979; Kirk, 1983; Knights & Bakker, 1976; Pirozzolo & Wittrock, 1981; Rourke, 1985) . Among the most popular neural models of learning disability are those that invoke an abnormality of cerebral hemisphere specialization (e.g., Bakker, 1981; Satz & Sparrow, 1970; Witelson, 1977) . In this article we shall analyze the concepts of normal and anomalous hemispheric specialization and their relevance to cognitive development.
Allegations about the role of hemispheric specialization in learning are not of recent origin. Several decades ago Samuel Orton (1937) proposed that incomplete dominance of the left hemisphere leads to a disorder of reading and writing that he called strephosymbolia, or "twisted symbols." Orton claimed that an inadequate degree of amination will ultimately cause us to conclude that there is little reason to believe that behavioral skill is in any way correlated with hemispheric specialization.
LEVELS OF ANALYSIS
We begin by pointing out that the phenomena of cognitive ability and hemispheric specialization are addressed at different levels of analysis. In fact, three relevant levels can be readily distinguished: behavioral, physiological, and anatomical. Distinguishing among levels of analysis is important for interpreting the evidence regarding cerebral lateralization and cognitive ability (see Fletcher & Taylor, 1984) . Many of the investigative techniques that provide information about brain structure or brain functioning cannot be used with normal or learning disabled children. Brain biopsies are not performed, nor is there medical justification for using invasive procedures that entail introducing a barbiturate or radioactive substance into the cerebral blood supply. Consequently, investigators must settle for less direct information about hemispheric specialization. This often means inferring hemispheric specialization from behavioral asymmetries, that is, from certain perceptual and motor asymmetries. We refer to these behavioral asymmetries, collectively, as laterality. Although laterality may provide insight into brain functioning, measures of laterality are behavioral in nature. Any relationship between cognitive performance (e.g., reading achievement) and laterality (e.g., ear asymmetry in dichotic listening) is a relationship between two behavioral measures. The actual association between a given cognitive performance and hemispheric specialization depends on the validity of the laterality measure as an index of hemispheric specialization.
Figure 1 serves as a framework for organizing the main arguments. There are four constructs of interest, each depicted as a circle: (1) cognitive ability, (2) laterality, (3) functional brain asymmetry, and (4) structural brain asymmetry. The first two fall within the behavioral level of analysis and the third and fourth represent the physiological and anatomical levels, respectively. In the next several sections, we examine in turn each of the constructs shown in Figure 1 and the associations among them. We shall show that, with respect to the constructs in isolation as well as the relationships between constructs, there are numerous conceptual and empirical obstacles to building a model in which learning disability is attributed to anomalous hemispheric specialization.
THE FOUR CONSTRUCTS Cognitive Ability
Ideally, if a behavioral disability is to be attributed to a specific brain anomaly, the manifestations of the disability will be distinct from the manifestations of other kinds of pathology and relatively invariant across individuals (Logue, 1975) . Otherwise, one would suspect that there was not a single disorder but, rather, a variety of disorders. So it is with learning disabilities. If we are to invoke a discrete brain defect as the cause of learning disability, the credibility of our argument rests to a large extent on the distinctiveness of the learning disability. It is in this context that Orton's strephosymbolia and the more recently popular concept of dyslexia have appeal.
Only if learning disabled children suffer from a unitary disorder does it make sense to attribute that disorder to a neural anomaly such as incomplete specialization of the left hemisphere for language processing.
Alternatively, there may be a small number of discrete disorders that can be related to a small number of neural anomalies according to the principle of double dissociation (see Kolb & Whishaw, 1985 have divided children into subtypes according to various criteria (Satz & Morris, 1981) . The number of subtypes varies across classification systems and there is often no obvious way of relating one taxonomy to another. The heterogeneity of learning disabilities militates against a single etiology. That there is a disease, dyslexia, which is caused by a specific brain defect such as incomplete specialization of the cerebral hemispheres, is implausible, although it is possible that anomalous hemispheric specialization leads to some kinds of learning disorders (Bakker, 1981) or to learning disorders at some stages of development (Bakker, 1973; Satz & Sparrow, 1970) .
Laterality
If laterality is understood to be a behavioral phenomenon, and only an indirect reflection of brain physiology, then it is easier to appreciate the shortcomings of laterality measures as indicators of hemispheric specialization. For example, failure to find the expected asymmetry for a particular child on a laterality task such as dichotic listening may reflect merely the limitations that are characteristic of most behavioral tests-for example, imperfect reliability-rather than abnormal hemispheric specialization for language. Here we shall summarize three characteristics of laterality measures-limited reliability, poor concurrent validity, and susceptibility to extraneous influences-that contribute to their lack of predictive validity, that is, to their inability to provide definitive information about the hemispheric specialization of an individual child.
Laterality scores tend to be moderately consistent within a testing session (in terms of split-half reliability) or over a short test-retest interval (Bakker, Van der Vlugt, & Claushuis, 1978; Blumstein, Goodglass, &Tartter, 1975; McKeever, 1986) . Reliability coefficients as high as .70 or so may be obtained, even in preschoolers (Harper & Kraft, 1986) , although a substantial proportion of subjects (e.g., 29% in Blumstein et al., 1975) still may reverse their laterality from one test to the next. Under other circumstances, reliability coefficients may be substantially lower (Hiscock, Chipuer, & Kinsbourne, 1985; Provins & Cunliffe, 1972) . Increasing reliability is not just a matter of increasing the number of trials or refining the procedures. Reliability is limited by the tendency for left-and right-side scores (e.g., leftand right-ear or left-and right-hand scores) to be highly correlated (e.g., Provins & Glencross, 1968) . The difference between two highly correlated scores tends to be unreliable even when each of the scores by itself is reliable (Hines & Satz, 1974; Hiscock & Kinsbourne, 1980b) .
Given that retest reliability is modest, it is not surprising that concurrent validity, that is, correlation among different laterality measures, is also unimpressive (Eling, 1983; Fennell, Bowers, & Satz, 1977; Hines & Satz, 1974; Searleman, 1980; Shankweiler & Studdert-Kennedy, 1975) . Hiscock et al. (1985) , in a study of 123 children, reported correlations no higher than .25 between dichotic listening asymmetry and asymmetry of verbalmanual interference. Perhaps more reliable laterality scores would be associated more strongly with each other. For the present, however, one must consider laterality to be relatively specific, not only for a given testing session, but also for a given modality and even for a given task within that modality.
Laterality scores are susceptible to influence from a number of sources extraneous to brain organization, such as stimulus familiarity, priming effects, and the subject's skill level. For example, musicians show a right-ear advantage for processing musical stimuli whereas nonmusicians show a left-ear advantage (Bever & Chiarello, 1974; Johnson, 1977) . We have found a strong priming bias in studies of children's selective listening for dichotic digits (Hiscock & Bergstrom, 1982; Hiscock & Chipuer, in preparation; Hiscock & Kinsbourne, 1980a; Hiscock, Kinsbourne, Caplan, & Swanson, 1979) : After monitoring one ear for a number of trials, children find it difficult to switch attention to the other ear. Consequently, as shown in Table 1 , children who monitor the left ear first frequently fail to show a rightear advantage. In one study, this priming bias was found to persist for a full week (Hiscock & Bergstrom, 1982) . Two recent studies show that a subject's skill level also affects degree of laterality. Hiscock, Antoniuk, Prisciak, and von Hessert (1985) administered a concurrent-task paradigm to school-age children who were divided into two groups according to reading achievement. Reading interfered with concurrent right-hand performance more than left-hand performance in both groups (suggesting a predominantly left-hemispheric involvement in reading), but the asymmetry was significantly greater among the poorer readers. A similar effect for reading ability was reported by Crossley and Hiscock (1985) : The degree to which reading interfered with righthand (but not left-hand) finger tapping was inversely related to reading ability. It would be premature to attribute these findings to greater lefthemispheric specialization for reading in the poorer readers. They could arise from the fact that poor readers must apply a greater amount of lefthemisphere resources to the task of reading, and that this in turn generates a greater amount of interference with concurrent right-hand activity because this too is under left-hemisphere control.
Even though human laterality is readily demonstrated, the usefulness of laterality as an indicator of hemispheric specialization is severely limited by measurement problems. At present, however, noninvasive alternatives (e.g., measures of electrophysiological asymmetry) appear to be equally problematic (Kinsbourne & Hiscock, 1983b) . Consequently, behavioral laterality continues to attract the interest of researchers, some of whom are attempting to understand and control the various "extraneous" determinants of asymmetric performance. For example, procedures have been developed to bring certain attentional factors under experimental control in dichotic listening studies (Bryden, Munhall, & Allard, 1983; Geffen, 1978; Hiscock & Kinsbourne, 1977) . Within each laterality paradigm there The stimuli in all cases were dichotic digit names ed at the rate of 2 pairs/sec. are several choices-choices regarding stimulus factors, task factors, and response factors-that must be made judiciously if the paradigm is to be optimized. Moreover, laterality researchers must attend to various subject characteristics, such as sex, handedness, familial handedness, and linguistic background.
Functional Brain Asymmetry
Orton (1937) was quite explicit in describing the neurological anomaly that he thought was responsible for strephosymbolia. He believed that visual stimuli were represented in both cerebral hemispheres but that the representations (engrams) in the right hemisphere were spatially reversed so as to bear mirror-image relationships to those in the left hemisphere. According to Orton, this ordinarily is not a problem insofar as the dominant left hemisphere maintains control over verbal output. When cerebral dominance is incomplete or inconsistent, however, the right hemisphere may gain control of the output channel and cause spatially reversed engrams to be expressed as letter and word reversals.
Though primarily of historical interest, Orton's model may be thought of as an exemplar of a class of models that might be called output competition models (Hiscock & Kinsbourne, 1982). Such models entail (1) independence of processing in the left and right hemispheres; (2) quantitative or qualitative differences between the hemispheres in the processing of information; and (3) a tendency of one hemisphere to suppress the activity of the other hemisphere or deny the other hemisphere access to output mechanisms. Various models of output competition could easily be formulated, for example, a model in which the products of phonological processing in the left hemisphere compete for expression with the products of visualconfigurational processing in the right hemisphere.
However, when contemporary writers refer to anomalous functional organization of the brain in learning disabled children, they usually mean something other than incomplete control over output channels. Often they invoke a putative reduction in the degree of hemispheric specialization, that is, a reduction in the degree to which one hemisphere differs from the other (e.g., Satz & Sparrow, 1970) . This implies duplication of some functions within the opposite hemisphere (see Witelson, 1977) . Anomalous hemispheric specialization also may refer to reversed distribution of functions between the left and right hemispheres. By combining the concepts of duplication and reversal, one can generate a number of hypothetical models of deviant cerebral organization (see Hiscock & Kinsbourne, 1982) . If one considers only two kinds of functions-verbal and visuospatial -and stipulates that the representation of each within a hemisphere is an all-or-nothing phenomenon, then one can derive the four "translocation" models of anomalous lateralization depicted in Table 2 . One might speculate that any of the four anomalous patterns would have an adverse effect upon verbal ability, visuospatial ability, or both, and thus one could derive twelve specific models of dyslexia from these four simplistic models.
Another class of models postulates excessive reliance on one hemisphere or the other. Bakker (1979) distinguished between P-type dyslexics, who were claimed to have a functionally overdeveloped right hemisphere, and L-type dyslexics, who were thought to have a functionally overdeveloped left hemisphere. Even though Bakker's "balance" model originally emphasized the overdevelopment of one hemisphere rather than the underdevelopment of the other, impaired functioning of the "weaker" hemisphere might be a more plausible source of difficulty (Bakker, 1983; Masland, 1975) .
Finally, one could speculate that, even when the cerebral hemispheres are specialized in the usual fashion, the corpus callosum (the major commissure connecting the two hemispheres) might be abnormal. This abnormality might render interhemispheric communication either inadequate or excessive, or it might cause a distortion or misrouting of information (see Galin, Johnstone, Nakell, & Herron, 1979).
The concept of anomalous hemispheric specialization is so vague as to be of little value as an explanatory construct. Even with a generous number of simplifying assumptions, there are so many possible anomalies of hemispheric specialization that at least one model probably can be contrived, post hoc, to "explain" almost any experimental outcome. Without an acceptable general model of normal hemispheric specialization (Allen, 1983 ), the concept of anomalous specialization is destined to remain ambiguous.
Structural Brain Asymmetry
There is evidence suggesting that the left and right hemispheres differ in the degree of discreteness of neuronal organization (Semmes, 1968 Emphasis has now shifted from the traditional indices of lateralityhandedness, eyedness, footedness, and mixed dominance-to measures of perceptual laterality such as those obtained from dichotic listening studies and from experiments in which visual stimuli are presented briefly into the left and right half-fields. Satz (1976) , having surveyed the literature on perceptual laterality in learning disabled children, concluded that very few of the 19 studies then available indicated reduced or otherwise abnormal laterality in learning disabled children. In most instances both the learning disabled and control groups showed the expected laterality; in a few instances both groups failed to show a significant degree of laterality; and in one study the learning disabled children showed greater laterality than did the controls. More recent dichotic listening evidence has not clarified this confusing state of affairs (Aylward, 1984 Aylward (1984) not only failed to find laterality differences among three dyslexic subtypes-dysphonetics, dyseidetics, and nonspecifics-but she found that the three dyslexic groups, when combined, tended to show a greater rightear advantage in dichotic listening than did control subjects. In the short term, distinguishing among subtypes of learning disabled children may only compound pre-existing methodological complexities with the vagaries of subtyping. In the long term, however, the laterality hypothesis must be tested in well-defined and reasonably homogeneous subgroups of learning disabled children if the results, positive or negative, are to be convincing.
Laterality and Functional Brain Asymmetry
The rationale linking laterality to underlying hemispheric specializaVolume 20, Number 3, March 1987 tion differs from one measure to another. Eye dominance has dubious theoretical relevance to hemispheric specialization (see Porac & Coren, 1976) . Even handedness bears only an indirect relationship to hemispheric specialization for speech. From studies of speech impairment following unilateral cerebral damage (e.g., Annett, 1975; Satz, 1979) and from studies in which sodium Amytal, a water-soluble barbiturate, is injected into the carotid artery supplying one or the other hemisphere (Rasmussen & Milner, 1975) , we can infer that about 95% of right-handers have speech control lateralized to the left hemisphere. Lefthanders are less likely to have speech representation solely in the left hemisphere. In other words, there is a relatively high incidence of right-hemispheric and bilateral speech representation in left-handers (cf Satz, 1979 Satz, , 1980 Rasmussen & Milner, 1975) .
The limited relevance of eye and hand dominance justifies the more recent shift of attention to newer methods such as dichotic listening, visual half-field presentation, and concurrent-task studies as means of assessing laterality. Even with these methods, however, there are many unresolved questions regarding the mechanism of asymmetric performance. Under certain conditions, visual half-field laterality may reflect fixating eye movements (Hardyck, Dronkers, Chiarello, & Simpson, 1985) , a biasing effect of the fixation control stimulus (Carter & Kinsbourne, 1979; Kershner, Thomae, & Callaway, 1977) , or the subject's strategy (Young & Ellis, 1981) rather than (or in addition to) hemispheric specialization. In the dichotic listening literature, there is evidence that the right-ear advantage is actually a rightside-of-space advantage (e.g., Morais Bertelson, 1975) , that asymmetric performance occurs in the absence of competition between ears (Henry, 1979 (Henry, , 1983 , and that ear advantages may reflect largely output factors (Freides, 1977) . These findings challenge the early explanation for rightear superiority in terms of functional prepotence of the crossed auditory pathways and central occlusion of the ipsilateral auditory pathway (Kimura, 1961 (Kimura, ,1967 . Also, each auditory cortex represents not input from the opposite ear, but from the opposite side of space (Phillips & Gates, 1982) . Several conceptual difficulties in the concurrenttask paradigm have also been identified (Hiscock, 1986; Kinsbourne & Hiscock, 1983a) . These various problems with laterality methods do not necessarily invalidate the methods, but they do caution against equating anomalous performance with anomalous hemispheric specialization.
Attempts to validate laterality measures using more direct clinical evidence of speech representation have yielded mixed results (Geffen & Caudrey, 1981; Kimura, 1961; Rasmussen & Milner, 1975; Strauss & Wada, 1983; Warrington, 1981) . The loose association between hand preference and hemispheric specialization for speech, as assessed by sodium Amytal testing and aphasia studies, has already been discussed. Sodium Amytal studies also have shown that foot preference, but not eye or ear preference, is related to hemispheric specialization for speech (Strauss & Wada, 1983) . The validity of dichotic listening procedures has received support in some clinical studies (Geffen & Caudry, 1981; Kimura, 1961) but not others (Warrington, 1981) . The validity of visual half-field (tachistoscopic) methods rests upon indirect evidence (see McKeever, 1986) .
Ironically, one of the main impediments to validating laterality measures is the overwhelming tendency of normal, right-handed individuals to have left-hemispheric language representation. As noted previously, evidence from direct or invasive methods indicates that about 95% of the right-handed population has left hemisphere speech representation. This skewed distribution means that a laterality measure must be extraordinarily precise if it is to be of any value in classifying people with respect to the hemisphere that is specialized for language. In other words, without an almost perfectly reliable and valid laterality measure, it is impossible to exceed the classification accuracy that can be achieved simply by assuming that everyone has left-hemispheric language representation. Satz (1977) has used a Bayesian analysis to illustrate this problem. As shown in Table 3 , Satz constructed a representative example in which 70% of a sample of normal right-handers showed the typical laterality pattern (right-ear superiority in a verbal dichotic listening test) even though the population incidence of left-hemisphere language is 95%. Under these circumstances, the conditional probability of left-hemisphere language is .97, given a right-ear advantage on the dichotic test. This is good. However, the probability of right-hemisphere language, given a left-ear advantage in dichotic listening, is only .10. If one were to use a left-ear advantage to predict deviant language representation, one would be wrong 99% of the time.
Laterality and Structural Brain Asymmetry
Little is known about the relationship between laterality and anatomical asymmetries. Some neuroanatomical asymmetries, such as those of the temporo-parietal and occipital regions, appear to be less frequent or less marked in left-handers than in righthanders according to some studies (e.g., Hochberg & LeMay, 1975; LeMay, 1977 LeMay, , 1984 LeMay & Culebras, 1972) but not others (Chiu & Damasio, 1980; Koff et al., in press; Naeser & Borad, 1986) . Nonetheless, there clearly is not a one-to-one correspondence between handedness and structural asymmetry. Witelson (1985) has reported that the corpus callosum is 11% larger in adults with mixed handedness than in strongly right-handed adults. She suggested that this difference reflects greater interhemispheric connectivity in non-right-handers, which in turn is related to greater bilaterality of cognitive functions. Witelson's claim is difficult to evaluate in the absence of data from strong left-handers or information about the language representation of the mixed-handers in her study. 
Other Associations
We have emphasized the associations depicted as solid lines in Figure 1 et al., 1968) . The imperfect correspondence between brain structure and function is illustrated by CT studies of the length of the posterior left and right hemispheres in patients who had experienced a unilateral stroke (Naeser & Borad, 1986 ; Pieniadz, Naeser, Koff, & Levin, 1983). Although aphasia tended to be associated with left-hemisphere strokes regardless of the relative size of the two hemispheres, recovery was best in those patients whose undamaged hemisphere was the one with the greater occipital length.
IMPLICATIONS
Having pointed out some fundamental impediments to establishing a link between cognitive characteristics and hemispheric specialization, we now discuss briefly some specific implications of neuropsychological evidence for understanding hemispheric specialization in normal and learning disabled children.
Hemispheric Specialization and Cognitive Development
The assumed association between degree of hemispheric specialization and excellence of cognitive performance loses credibility if hemispheric specialization can be shown to exist very early in development In fact, it is now well established that the neural substrate of certain human cognitive functions is lateralized long before the cognitive functions themselves are measurable ( If the cerebral hemispheres are specialized early in life and if the degree of specialization does not increase during childhood, then delayed hemispheric specialization is no longer plausible. Young children who show deviant patterns of hemispheric specialization presumably will continue to show the same deviant patterns as older children, adolescents, and adults. Thus, although developmentally invariant hemispheric specialization does not preclude anomalous specialization in certain cases of learning disability, the principle of developmental invariance is incompatible with delayed hemispheric specialization. Moreover, the incidence of anomalous hemispheric specialization in children should be no greater than that found in adults. If we begin with the available data concerning the incidence of deviant language representation in right-and left-handed adults (e.g., Rasmussen & Milner, 1975 ) and extrapolate to younger individuals, then we can infer that deviant hemispheric specialization for language will be relatively common in left-handed children but rare in righthanded children.
Consequences of Deviant Hemispheric Specialization
In reviewing the literature concerning handedness and reading ability we found that, within the general population, there is no apparent association between left-handedness and poor reading. Similarly, despite a few claims to the contrary (e.g., Levy, 1969 The contrasting implications of "normal" and "pathological" lefthandedness provide an important clue as to the role of hemispheric specialization in determining cognitive ability. The data suggest that deviant patterns of functional organization within a healthy, intact brain are not maladaptive. When cognitive deficit is associated with deviant cerebral organization, both anomalies probably stem from injury to the brain which may be attributed, in turn, to either exogenous or endogenous factors. Consequently, anomalous hemispheric specialization is more justifiably viewed as an effect than as a cause.
Hemispheric Specialization and Cognitive Style
Functional differences between the cerebral hemispheres are often abstracted into a grand dichotomy of left-and right-hemispheric styles (e.g., Bogen, 1969; Ornstein, 1972) . The information processing style of the left hemisphere is declared to be analytic, rational, sequential, and so on whereas that of the right hemisphere is claimed to be holistic, intuitive, emotional, and so on. Individuals may then be classified according to their "hemisphericity," that is, according to whether their cognitive characteristics match those of the idealized left or right hemisphere. No matter how appealing it may be to categorize people according to a biologically based dichotomy, one should appreciate that these ideas are speculative (Corballis, 1980) . As information about the functional organization of the brain accumulates, differences between the hemispheres become increasingly elusive. Much of the currently available information points to differences that are merely relative or quantitative (Corballis, 1983; Perecman, 1983; Zaidel, 1985) rather than absolute or qualitative. Of course, people differ in their intellectual strengths and weaknesses and occasionally the psychometric profile may manifest strengths in allegedly right hemisphere skills. The fact is, however, that there is no intellectual activity that is known to depend substantially on the activity of the right hemisphere, as verbal processes are known to depend on the left. Also, the concept of right versus left-brainedness implies that mental skills come in two packages, with trade-off between them in the excellence of their development. This frankly speculative concept (Geschwind & Behan, 1982) runs counter to most current opinion, which discerns far more than just two types of intellectual profile (Gardner, 1984).
Right versus left brain theory is hardly an adequate account of the rich individual differences in the patterns of the human intellect. Sweeping generalities about left-and right-hemispheric styles of informatin processing are not warranted (e.g., Payne & Evans, 1986) . Some children do indeed employ spatial and holistic processing whenever they can, perhaps in compensation for weakness in verbal and analytic processing. This cognitive style may be particularly common among learning disabled children, many of whom possess above-average nonverbal abilities (Gordon, 1983). It does not follow, however, that either the cognitive style or the nonverbal ability of these children emanates from the right hemisphere. In terms of our levels-of-analysis framework, cognitive style and cognitive ability lie at the behavioral level and cannot be assumed to reflect physiological or anatomical characteristics of only one hemisphere without supportive evidence from the neurological domain. It has been suggested that classrooms are geared for the teaching of "leftbrained" skills at the expense of "rightbrained" skills (Hunter, 1976), but the terms left-and right-brained are no more than metaphors. Perhaps verbal, logical, and mathematical skills receive greater emphasis than do graphic, intuitive, and musical skills. If so, this situation can be evaluated and debated without knowledge of which skills emanate from what part of the brain. It is only important to know that humans possess a wide range of competencies. The localization of the brain bases of those competencies within the cerebrum is irrelevant to curriculum planning.
Structural Brain Abnormality
As noted previously, evidence from left-handers shows that higher mental functions may be organized within the cerebrum in various ways without affecting mental capacity. This evidence is problematic for any model in which cognitive deficit is attributed to anomalous organization of functions in an otherwise normal brain. However, the functional organization of the brain may assume greater significance if the neural substrate is defective. One possibility is that the left hemisphere is damaged or that it fails to develop normally (Galaburda, Sherman, Rosen, Aboitiz, & Geschwind, 1985). Geschwind and Galaburda (1985) have proposed a comprehensive model in which underdevelopment of the left hemisphere is attributed to adverse effects of endogenous testosterone. According to this model, the right hemisphere is relatively invulnerable to the influence of testosterone and even becomes overdeveloped as a consequence of the left hemisphere's immaturity. Although this model accounts for several common observations such as the sex difference in the incidence of learning disabilities and the above-average visuospatial skills of at least some learning disabled children, there is no empirical support for the claim that testosterone selectively inhibits the maturation of the left hemisphere, nor is there convincing evidence of readily detectable neuropathology in a large proportion of learning disabled children (see Kinsbourne & Hiscock, in press ).
An alternative model of brain anomaly in learning disabled children is based not upon cerebral factors alone but upon the relationship between cerebral processors and an activating system in the brainstem and thalamus (Kinsbourne, 1975 (Kinsbourne, , 1980 . According to this view, left-hemisphere dominance for language stems from an innate material-specific activating mechanism that arouses the left brain in response to linguistic stimulation. In the infant, this activating mechanism is thought to be responsible for electrophysiological asymmetries (Molfese et al., 1975) cerebral processor is damaged or if it fails to develop normally. We hypothesize that, in such instances, the defective processor continues to be activated even though healthy neural tissue elsewhere in the cortex (most notably in the right hemisphere) might be more capable of carrying out the linguistic task. Further, due to the inefficiency of the left-hemispheric processor, an unusually high level of activation might be needed. This prediction is supported by electrophysiological evidence suggesting greater left-hemispheric activation in disabled readers while reading than in normal readers (Shucard et al., 1984) .
CONCLUSIONS
Insofar as the normal brain is characterized by functional differentiation of the cerebral hemispheres, it is not unreasonable to suspect that at least some learning disorders are associated with deviation from the usual pattern of hemispheric specialization. Nonetheless, the available data generally have failed to confirm this suspicion. Our literature review illustrates many of the conceptual and methodological problems that continue to undermine efforts to find a reliable association between cognitive characteristics and hemispheric specialization. The relevant constructs-cognitive ability, laterality, functional brain asymmetry, and structural brain asymmetry-are ill-defined and difficult to measure. Moreover, they represent diverse levels of analysis that are not readily related to each other. There is no consistent association between cognitive performance and laterality, and even laterality bears only an indirect and ill-understood relationship to anatomical and physiological brain asymmetries.
Inadequacies of the data notwithstanding, certain tentative conclusions of relevance to learning and cognitive development may be drawn:
(1) Diverse manifestations of brain asymmetry appear very early in life; (2) naturally occurring variants of hemispheric specialization do not imply cognitive deficit; (3) left-and right-hemispheric cognitive styles are metaphors without a proven neurological basis; and (4) abnormal cognitive development may result from damage to a cerebral hemisphere or from a combination of cerebral damage and maladaptive activation patterns. In general, the neural basis of learning disorders appears to be brain pathology rather than anomalous brain organization per se, but the nature of the pathology remains a matter of speculation. 
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